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( 57 ) ABSTRACT 
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stacked , a main component of the dielectric layers being 
ceramic , a main component of the internal electrode layer 
being a metal , wherein an arithmetic average roughness Ra 
of at least a part of the internal electrode layer is 30 nm or 
less , wherein a maximum height Rz of the at least a part of 
the internal electrode layer is 360 nm or less . 
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MULTILAYER CERAMIC CAPACITOR AND ceramic powder , a main component of the metal conductive 
MANUFACTURING METHOD OF paste being metal powder of which an average grain diam 

MULTILAYER CERAMIC CAPACITOR eter is 100 nm or less and of which a standard deviation of 
grain size distribution is 15 or less , the metal conductive 

CROSS - REFERENCE TO RELATED paste including ceramic powder as a co - material , an average 
APPLICATION grain diameter of the co - material being less than 10 nm , a 

standard deviation of grain size distribution of the co 
This application is based upon and claims the benefit of material being 5 or less , an amount of the co - material being 

priority of the prior Japanese Patent Application No. 2018- 2.5 weight part or more and 25 weight part or less with 
031512 , filed on Feb. 26 , 2018 , the entire contents of which 10 respect to 100 weight part of the metal powder ; and a second 
are incorporated herein by reference . step of firing a ceramic multilayer structure in which a 

plurality of multilayer units obtained in the first step are 
FIELD stacked , wherein an arithmetic average roughness Ra of at 

least a part of an internal electrode formed by sintering of the 
A certain aspect of the present invention relates to a metal powder in the second step is 30 nm or less , wherein 

multilayer ceramic capacitor and a manufacturing method of a maximum height Rz of the at least a part of the internal 
a multilayer ceramic capacitor . electrode layer is 360 nm or less . 

15 

BACKGROUND BRIEF DESCRIPTION OF THE DRAWINGS 
20 

30 

Recently , electronic devices such as smart phones or FIG . 1 illustrates a partial perspective view of a multilayer 
mobile phones are being downsized . Thereby , electronic ceramic capacitor ; 
components mounted on the electronic devices are rapidly FIG . 2 illustrates a manufacturing method of a multilayer 
being downsized . For example , in a field of multilayer ceramic capacitor ; 
ceramic capacitors , although property is secured , thick- 25 FIG . 3 illustrates average grain diameters , standard devia 
nesses of dielectric layers and internal electrode layers are tions , inclinations of accumulated grain size distribution and 
reduced in order to reduce a chip size ( for example , see an added amount of a co - material of conductive paste for 
Japanese Patent Application Publication No. 2014-57098 ) . forming an internal electrode layer of examples and com 

parative examples ; 
SUMMARY OF THE INVENTION FIG . 4A to FIG . 4D illustrate SEM images of cross 

sections of a dielectric layer and an internal electrode layer 
A continuity modulus of an internal electrode after sin in a stacking direction ; 

tering is reduced because of a difference between a sintering FIG . 5 illustrates an arithmetic average roughness Ra , a 
start temperature of a metal of the internal electrode layer maximum height Rz of an internal electrode layer , a capac 
and a sintering start temperature of ceramic of a dielectric 35 ity , a breakdown voltage ( BDV ) and a high temperature 
layer . Therefore , a co - material of ceramic is added to the accelerated life time ( HALT ) of multilayer ceramic capaci 
internal electrode layer in order to delay contraction of the tors of examples and comparative examples ; 
internal electrode layer . However , when a thickness of the FIG . 6A to FIG . 6D illustrate conditions of dielectric 
internal electrode layer is reduced , the co - material tends to layers and internal electrode layers from after removing of 
be extruded to the dielectric layer side . Thereby , surface 40 a binder to after densifying , in a comparative example 8 ; 
roughness of the internal electrode layer may be enlarged . FIG . 7A to FIG . 7D illustrate conditions of dielectric 
Therefore , a thickness of the internal electrode layer layers and internal electrode layers from after removing of 
becomes uneven in a stacking direction of the dielectric a binder to after densifying , in a comparative example 3 ; and 
layer and the internal electrode layer . When the thickness of FIG . 8A to FIG . 8D illustrate conditions of dielectric 
the internal electrode layer in uneven , a liquid phase tends 45 layers and internal electrode layers from after removing of 
to be flocculated in an interface between the internal elec a binder to after densifying , in an example 3 . 
trode layer and the dielectric layer in a region of the internal 
electrode layer of which a thickness is small . And reliability DETAILED DESCRIPTION 
may be degraded . 

The present invention has a purpose of providing a 50 A description will be given of an embodiment with 
multilayer ceramic capacitor and a manufacturing method of reference to the accompanying drawings . 
a multilayer ceramic capacitor that are capable of suppress 
ing degradation of reliability . EMBODIMENT 

According to an aspect of the present invention , there is 
provided a multilayer ceramic capacitor including : a multi- 55 FIG . 1 illustrates a partial perspective view of a multilayer 
layer structure in which each of a plurality of dielectric ceramic capacitor 100 in accordance with an embodiment . 
layers and each of a plurality of internal electrode layers are As illustrated in FIG . 1 , the multilayer ceramic capacitor 100 
alternately stacked , a main component of the dielectric includes a multilayer chip 10 having a rectangular parallel 
layers being ceramic , a main component of the internal epiped shape , and a pair of external electrodes 20a and 20b 
electrode layer being a metal , wherein an arithmetic average 60 that are respectively provided at two edge faces of the 
roughness Ra of at least a part of the internal electrode layer multilayer chip 10 facing each other . In four faces other than 
is 30 nm or less , wherein a maximum height Rz of the at the two edge faces of the multilayer chip 10 , two faces other 
least a part of the internal electrode layer is 360 nm or less . than an upper face and a lower face of the multilayer chip 10 

According to another aspect of the present invention , in a stacking direction are referred to as side faces . The 
there is provided a manufacturing method of a multilayer 65 external electrodes 20a and 20b extend to the upper face , the 
ceramic capacitor including : a first step of forming a pattern lower face and the two side faces . However , the external 
of a metal conductive paste on a green sheet including electrodes 20a and 20b are spaced from each other . 
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The multilayer chip 10 has a structure designed to have added to the internal electrode layer 12 in order to delay 
dielectric layers 11 and internal electrode layers 12 alter- contraction of the internal electrode layer 12. However , 
nately stacked . A main component of the dielectric layer 11 when the internal electrode layer 12 is thin , the co - material 
is a ceramic material acting as a dielectric material . A main tends to be extruded to the dielectric layer 11 side . In this 
component of the internal electrode layers 12 is a metal 5 case , surface roughness of the internal electrode layer 12 
material such as a base metal material . End edges of the may become larger . Therefore , the thickness of the internal 
internal electrode layers 12 are alternately exposed to a first electrode layer 12 becomes uneven in the stacking direction 
edge face of the multilayer chip 10 and a second edge face of the dielectric layer 11 and the internal electrode layer 12 . 
of the multilayer chip 10 that is different from the first edge When the thickness of the internal electrode layer 12 is 
face . In the embodiment , the first face faces with the second 10 uneven , a liquid phase tends to be flocculated into an 
face . The external electrode 20a is provided on the first edge interface between the internal electrode layer 12 and the 
face . The external electrode 20b is provided on the second dielectric layer 11 , in a part of the internal electrode layer 12 
edge face . Thus , the internal electrode layers 12 are alter- of which the thickness is small . In this case , the reliability of 
nately conducted to the external electrode 20a and the the multilayer ceramic capacitor 100 may be degraded . 
external electrode 206. Thus , the multilayer ceramic capaci- 15 And so , in the embodiment , the surface roughness of the 
tor 100 has a structure in which a plurality of dielectric internal electrode layer 12 is reduced . In concrete , an arith 
layers 11 are stacked and each two of the dielectric layers 11 metic average roughness Ra of the internal electrode layer 
sandwich the internal electrode layer 12. In a multilayer 12 is 30 nm or less , and a maximum height Rz of the internal 
structure of the dielectric layers 11 and the internal electrode electrode layer 12 is 360 nm or less . The arithmetic average 
layers 12 , the internal electrode layer 12 is positioned at an 20 roughness Ra and the maximum height Rz are defined in JIS 
outermost layer in the stacking direction . The upper face and B 0601 : 2013 . It is preferable that the arithmetic average 
the lower face of the multilayer structure that are the internal roughness Ra is 25 nm or less . It is preferable that the 
electrode layers 12 are covered by cover layers 13. A main maximum height Rx is 150 nm or less . With the structure , 
component of the cover layer 13 is a ceramic material . For unevenness of the thickness of the internal electrode layer 12 
example , a main component of the cover layer 13 is the same 25 is suppressed . Thereby , the continuity modulus of the inter 
as that of the dielectric layer 11 . nal electrode layer 12 gets higher . In this case , the floccu 

For example , the multilayer ceramic capacitor 100 may lation of the liquid phase into the interface between the 
have a length of 0.25 mm , a width of 0.125 mm and a height dielectric layer 11 and the internal electrode layer 12 is 
of 0.125 mm . The multilayer ceramic capacitor 100 may suppressed . Therefore , the degradation of the reliability is 
have a length of 0.4 mm , a width of 0.2 mm and a height of 30 suppressed , and desirable characteristic may be achieved . 
0.2 mm . The multilayer ceramic capacitor 100 may have a When the average thickness of the internal electrode layer 
length of 0.6 mm , a width of 0.3 mm and a height of 0.3 mm . 12 is 0.5 um or less , the co - material tends to be extruded to 
The multilayer ceramic capacitor 100 may have a length of the dielectric layer 11. Therefore , the structure of the 
1.0 mm , a width of 0.5 mm and a height of 0.5 mm . The embodiment is effective when the average thickness of the 
multilayer ceramic capacitor 100 may have a length of 2.0 35 internal electrode layer 12 is 0.5 um or less . 
mm , a width of 1.25 mm and a height of 1.25 mm . The Next , a description will be given of a manufacturing 
multilayer ceramic capacitor 100 may have a length of 3.2 method of the multilayer ceramic capacitor 100. FIG . 2 
mm , a width of 1.6 mm and a height of 1.6 mm . The illustrates a manufacturing method of the multilayer ceramic 
multilayer ceramic capacitor 100 may have a length of 4.5 capacitor 100 . 
mm , a width of 3.2 mm and a height of 2.5 mm . However , 40 ( Making process of a raw material powder ) As illustrated 
the size of the multilayer ceramic capacitor 100 is not in FIG . 2 , a dielectric material for forming the dielectric 
limited . layer 11 is prepared . An A site element and a B site element 
A main component of the internal electrode layers 12 is a of the dielectric layer 11 are generally included in the 

base metal such as nickel ( Ni ) , copper ( Cu ) , tin ( Sn ) or the dielectric layer 11 in a shape of sintered structure of grains 
like . The internal electrode layers 12 may be made of a noble 45 of ABO3 . For example , BaTiOz is tetragonal compound 
metal such as platinum ( Pt ) , palladium ( Pd ) , silver ( Ag ) , having a perovskite structure and has a high dielectric 
gold ( Au ) or alloy thereof . A thickness of the internal constant . BaTiOz can be obtained by reacting a titanium 
electrode layer 12 is , for example , 0.5 um or less . It is material such as titanium dioxide with a barium material 
preferable that the thickness of the internal electrode layer such as barium carbonate and synthesizing barium titanate . 
12 is 0.3 um or less . The dielectric layers 11 are mainly 50 Various methods are known as a synthesizing ceramic of the 
composed of a ceramic material that is expressed by a dielectric layer 11. For example , a solid - phase method , a 
general formula ABO3 and has a perovskite structure . The sol - gel method , a hydrothermal method and so on are 
perovskite structure includes ABO3- , having an off - stoichio- known . In the embodiment , any one of them can be adopted . 
metric composition . For example , the ceramic material is Next , additive compound may be added to a ceramic 
such as BaTiOz ( barium titanate ) , CaZroz ( calcium zircon- 55 powder material , in accordance with purposes . The additive 
ate ) , CaTiOz ( calcium titanate ) , SrTiO3 ( strontium titanate ) , compound may be an oxide of Mn ( manganese ) , V ( vana 
Ba -r - Ca , Sr , Ti , Zr , 0 , ( Osxsl , Osysl , Oszsl ) having a dium ) , Cr ( chromium ) or a rare earth element ( Y ( yttrium ) , 
perovskite structure . Sm ( samarium ) , Eu ( europium ) , Gd ( gadolinium ) , Tb ( ter 

For the purpose of downsizing the multilayer ceramic bium ) , Dy ( dysprosium ) , Ho ( holmium ) , Er ( erbium ) , Tm 
capacitor 100 and enlarging the capacity of the multilayer 60 ( thulium ) and Yb ( ytterbium ) ) , or an oxide of Co ( cobalt ) , Ni 
ceramic capacitor 100 , reduction of the thicknesses of the ( nickel ) , Li ( lithium ) , B ( boron ) , Na ( sodium ) , K ( potas 
dielectric layer 11 and the internal electrode layer 12 is sium ) and Si ( silicon ) , or glass . 
required . There is a problem that a continuity modulus of the In the embodiment , it is preferable that compound includ 
internal electrode layer 12 after sintering is reduced , because ing additive compound is mixed with the ceramic grains 
a sintering start temperature of the metal of the internal 65 structuring the dielectric layer 11. The resulting ceramic 
electrode layer 12 is different from that of the ceramic of the grains with the additive compound are calcined within a 
dielectric layer 11. Therefore , a co - material of ceramic is temperature range of 820 degrees C. to 1150 degrees C. 
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Then , the ceramic grains are wet - blended with the additive of the co - material is 5 weight part or more and 20 weight 
compound . After that , the ceramic grains with the additive part or less . This is because the amount of the co - material is 
compound are dried and crushed . And , desirable ceramic not sufficient , the continuity modulus of the internal elec 
powder is prepared . For example , it is preferable that an trode layer 12 may be reduced and the arithmetic average 
average grain diameter of the ceramic powder is 50 nm to 5 roughness Ra and the maximum height Rz of the internal 
300 nm from a viewpoint of reducing the thickness of the electrode layer 12 may be degraded , when the added amount 
dielectric layer 11. For example , the grain diameter of the of the co - material is less than 5 weight part . On the other 
resulting ceramic may be adjusted by crushing the resulting hand , the amount of the co - material is excessively large , the 
ceramic powder . Alternatively , the grain diameter may be continuity modulus of the internal electrode layer 12 may be 
adjusted by performing the crushing and a classifying pro- 10 reduced and the arithmetic average roughness Ra and the 

maximum height Rz of the internal electrode layer 12 may 
( Stacking Process ) Next , a binder such as polyvinyl be degraded when the added amount of the co - material is 

butyral ( PVB ) resin , an organic solvent such as ethanol or more than 20 weight part . 
toluene , and a plasticizer such as dioctyl phthalate ( DOP ) are Then , the dielectric green sheet on which the internal 
added to the resulting dielectric material and wet - blended . 15 electrode layer pattern is printed is stamped into a prede 
With use of the resulting slurry , a strip - shaped dielectric termined size , and a predetermined number ( for example , 
green sheet with a thickness of 0.8 um or less is coated on 100 to 500 ) of stamped dielectric green sheets are stacked 
a base material by , for example , a die coater method or a while the base material is peeled so that the internal elec 
doctor blade method , and then dried . trode layers 12 and the dielectric layers 11 are alternated 

Then , a pattern of the internal electrode layer 12 is 20 with each other and the end edges of the internal electrode 
provided on the surface of the dielectric green sheet by layers 12 are alternately exposed to both edge faces in the 
printing a conductive paste for forming an internal electrode length direction of the dielectric layer so as to be alternately 
layer with use of screen printing or gravure printing . The led out to a pair of external electrodes of different polariza 
conductive paste includes an organic binder . Thus , internal tions . Cover sheets , which are to be the cover layers 13 , are 
electrode layer patterns that are alternately extracted to the 25 compressed on the stacked dielectric green sheets and under 
pair of external electrodes are provided . A metal material of the stacked dielectric green sheets . The resulting multilayer 
the metal conductive paste has an average grain diameter of structure is cut into a predetermined size ( for example , 1.0 
100 nm or less . A standard deviation of the grain diameter mmx0.5 mm ) . After that , a metal conductive paste , which is 
is 15 or less . In this case , sharp grain size distribution is to be the ground layer of the external electrodes 20a and 206 
obtained . It is preferable that the average grain diameter is 30 is coated on the both edge faces of the resulting multilayer 
100 nm or less . It is more preferable that the average grain structure and is dried . Thus , a compact of the multilayer 
diameter is 70 nm or less . It is preferable that a maximum ceramic capacitor 100 is obtained . 
grain diameter is 140 nm or less . This is because when a ( Firing process ) xt , after removing the binder in N2 
metal material of which a grain diameter is more than 140 atmosphere at 250 degrees C. to 500 degrees C. , the result 
nm is mixed , the surface roughness of the internal electrode 35 ing compact is fired for ten minutes to 2 hours in a reductive 
layer 12 may be degraded because of the large grain diam- atmosphere , of which an oxygen partial pressure is 10-5 to 
eter . It is preferable that the standard deviation of the grain 10-8 atm , in a temperature range of 1100 degrees C. to 1300 
diameter is 15 or less . It is more preferable that the standard degrees C. Thus , each compound structuring the dielectric 
deviation of the grain diameter is 12 or less . An inclination green sheet is sintered and grains of each compound grow 
of accumulated grain size distribution is 8 or more . The 40 ( each compound is densified ) . In this manner , the multilayer 
inclination of the accumulated grain size distribution can be ceramic capacitor 100 is obtained . It is possible to adjust the 
defined as an inclination ( = 1 / ( log D80 - log D20 ) ) between amount of the co - material left in the internal electrode layer 
D20 and D80 in a case where the accumulated grain size 12 by adjusting the firing condition . In concrete , when a 
distribution is plotted in a logarithmic manner . speed of temperature increasing in the firing process is 
As a co - material , ceramic grains are added to the metal 45 enlarged , the main component metal is sintered before the 

conductive paste . A main component ceramic of the ceramic co - material is extruded from the metal conductive paste . 
grains is not limited . However , it is preferable that a main Therefore , the co - material tends to exist in the internal 
component ceramic of the co - material is the same as that of electrode layer 12. For example , it is preferable that the 
the dielectric layer 11. For example , barium titanate may be average speed of the temperature increasing from a room 
evenly dispersed . For example , ceramic grains of which an 50 temperature to a maximum temperature in the firing process 
average grain diameter is 10 nm or less are used as the is 30 degrees C./minute or more in order to increase the 
co - material . The standard deviation of the grain diameter is amount of the co - material left in the internal electrode layer 
5 or less . Thus , sharp grain size distribution is achieved . It 12. And it is more preferable that the average speed of the 
is preferable that the average grain diameter is 15 nm or less . temperature increasing is 45 degrees C./minute or more . 
It is more preferable that the average grain diameter is 10 nm 55 When the average speed of the temperature increasing is 

is preferable that the standard deviation of the excessive large , an organic component existing in the com 
grain diameter is 5 or less . It is more preferable that the pact is not sufficiently removed . And a defect such as a crack 
standard deviation of the grain diameter is 3 or less . It is may occur in the firing process . Alternatively , a difference 
preferable that the inclination of the accumulated grain size between an inner sintering and an outer sintering in the 
distribution is 7 or more . The inclination of the accumulated 60 compact causes insufficient condensing . Therefore , a defect 
grain size distribution can be defined as an inclination such as reduction of the electrostatic capacity may occur . 
( = 1 / ( log D80 - log D20 ) ) between D20 and D80 in a case And so , it is preferable that the average speed of the 
where the accumulated grain size distribution is plotted in a temperature increasing is 80 degrees C./minute or less . It is 
logarithmic manner . Moreover , it is preferable that the added more preferable that the average speed of the temperature 
amount of the co - material is 2.5 weight part or more and 25 65 increasing is 65 degrees C./minute or less . 
weight part or less with respect to 100 weight part of the ( Re - oxidizing process ) After that , a re - oxidizing process 
metal material . It is more preferable that the added amount may be performed at 600 degrees C. to 1000 degrees C. in 

or less . 
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N2 gas atmosphere . ( Plating process ) After that , metal layers to 100 weight part of the main component metal , the added 
such as Cu , Ni or Su are coated on the ground layers of the amount of the co - material was 2.5 weight part in the 
external electrodes 20a and 206 by a plating process . example 1 , 5 weight part in the example 2 , 10 weight part in 

With the manufacturing method of the multilayer ceramic the example 3 , 20 weight part in the example 4 and 25 
capacitor in accordance with the embodiment , a small diam- 5 weight part in the example 5 . 
eter material of which grain size distribution is sharp is used The conductive paste for forming the internal electrode 
as the main component metal of the internal electrode layer layer was screen - printed on the dielectric green sheet . 250 of 
12 and the co - material . Therefore , highly distributed metal the dielectric green sheets on which the conductive paste for 
conductive paste is obtained . And , a partial mixing of a large forming the internal electrode layer was printed were 
diameter material is suppressed . When the highly distributed 10 stacked , and cover sheets were stacked on the stacked 
metal conductive paste is used , diffusion of the co - material dielectric green sheets and under the stacked dielectric green 
into the dielectric layer 11 in the firing process is suppressed . sheets . After that , a ceramic multilayer structure was 
And the degradation of the arithmetic average roughness Ra obtained by a thermal compressing . And the ceramic mul 
and the maximum height Rz of the internal electrode layer tilayer structure was cut into a predetermined size . 
12 is suppressed . In concrete , metal powder of which an 15 The binder was removed from the ceramic multilayer 
average grain diameter is 100 nm or less and of which a structure in N , atmosphere . After that , the metal paste 
standard deviation of grain size distribution is 15 or less is including the metal filler of which a main component was 
used as the main component metal . And ceramic powder of Ni , the co - material , the binder and the solvent was coated 
which an average grain diameter is less than 10 nm and of from the both edge faces to the side faces of the ceramic 
which a standard deviation of grain size distribution 5 or less 20 multilayer structure and was dried . After that , the resulting 
is used as the co - material . Moreover , the added amount of multilayer structure was fired together with the metal paste 
the co - material to the 100 weight part of the metal powder for 10 minutes to 2 hours in a reductive atmosphere in a 
is 2.5 weight part or more and 25 weight part or less . temperature range of 1100 degrees C. to 1300 degrees C. 
When enlargement of the arithmetic average roughness And , a sintered structure was formed . The average speed of 

Ra and the maximum height Rz of the internal electrode 25 temperature increasing from a room temperature to a maxi 
layer 12 is suppressed , the dispersion of the co - material into mum temperature was 55 degrees C./minute in the examples 
the dielectric layer 11 is suppressed . And the multilayer 1 to 5 . 
ceramic capacitor 100 , in which the continuity modulus of The resulting sintered structure had a length of 1.0 mm , a 
the internal electrode layer 12 is high and the unevenness of width of 0.5 mm and a height of 0.5 mm . The sintered 
the thickness of the internal electrode layer 12 is suppressed , 30 structure was subjected to a re - oxidation process at 800 
is obtained . Thus , the flocculation of the liquid phase into the degrees C. in N , atmosphere . After that , by a plating process , 
interface between the dielectric layer 11 and the internal a Cu - plated layer , a Ni - plated layer and a Sn - plated layer 
electrode layer 12 is suppressed . Therefore , the degradation were formed on a surface of a ground layer . And , the 
of the reliability is suppressed . And it is possible to achieve multilayer ceramic capacitor 100 was obtained . The average 
the desirable characteristic . 35 thickness of the internal electrode layer 12 of the multilayer 

ceramic capacitor 100 was 0.3 um . 
EXAMPLES ( Comparative Examples 1 to 10 ) In comparative examples 

1 to 5 , as shown in FIG . 3 , an average grain diameter of a 
The multilayer ceramic capacitors in accordance with the main component metal powder ( Ni ) of the conductive paste 

embodiment were made and the property was measured . 40 for forming the internal electrode layer was 70 nm . A 
( Examples 1 to 5 ) A necessary additive compound was standard deviation of the grain diameters of the powder was 

added to barium titanate powder of which an average grain 12. An inclination of accumulated grain size distribution of 
diameter was 100 nm ( a specific surface area of 10 m´ / g ) . the powder was 8. An average grain diameter of a co 
The resulting barium titanate powder was sufficiently wet- material was 29 nm . A standard deviation of the grain 
blended and crushed with a ball mil . Thus , the dielectric 45 diameters of the co - material was 8.7 . An inclination of 
material was obtained . An organic binder and a solvent were accumulated grain size distribution of the co - material was 5 . 
added to the dielectric material . And dielectric green sheets The added amount of the co - material was 2.5 weight part in 
were made by a doctor blade method . A thickness of the the comparative example 1,5 weight part in the comparative 
dielectric green sheet was 0.8 um . The organic binder was example 2 , 10 weight part in the comparative example 3 , 20 
polyvinyl butyral ( PVB ) resin or the like . The solvent was 50 weight part in the comparative example 4 , and 25 weight 
ethanol , toluene or the like . And a plasticizer and so on were part in the comparative example 5 . 
added . In comparative examples 6 to 10 , as shown in FIG . 3 , an 
Next , the conductive paste for forming the internal elec- average grain diameter of a main component metal powder 

trode layer was formed by a planetary boll mill . The ( Ni ) of the conductive paste for forming the internal elec 
conductive paste included a main component metal ( Ni ) 55 trode layer was 120 nm . A standard deviation of the grain 
powder of the internal electrode layer 12 ( 50 wt % of Ni diameters of the powder was 33. An inclination of accumu 
solid content ) , a co - material ( barium titanate ) , 5 weight part lated grain size distribution of the powder was 6. An average 
of binder ( ethyl cellulose ) , a solvent and an auxiliary as grain diameter of a co - material was 29 nm . A standard 
needed . As shown in FIG . 3 , the average grain diameter of deviation of the grain diameters of the co - material was 8.7 . 
the main component metal powder was 70 nm ( a specific 60 An inclination of accumulated grain size distribution of the 
surface area was 10 m² / g ) . The standard deviation of the co - material was 5. The added amount of the co - material was 
grain diameter of the main component metal powder was 12 . 2.5 weight part in the comparative example 6 , 5 weight part 
The inclination of the accumulated grain size distribution in the comparative example 7 , 10 weight part in the com 
was 8. The average grain diameter of the co - material was 8.6 parative example 8 , 20 weight part in the comparative 
nm . The standard deviation of the grain diameter of the 65 example 9 , and 25 weight part in the comparative example 
co - material was 2.7 . The inclination of the accumulated 10. Other conditions were the same as those of the examples 
grain size distribution of the co - material was 7. With respect 1 to 5 . 
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( Analysis ) FIG . 4A to FIG . 4D illustrate SEM ( Scanning For example , in the comparative example 3 , the average 
Electron Microscope ) images of cross sections of the dielec- grain diameter ( 70 nm ) of the main component metal ( Ni ) 
tric layer 11 and the internal electrode layer 12 in the was smaller than that of the comparative example 8. There 
stacking direction in a center portion of the multilayer fore , as illustrated in FIG . 7A , the number of the cavity was 
ceramic capacitor 100 in a width direction and a height 5 small . However , the co - material CM1 existed in the cavity . 
direction . FIG . 4A illustrates a SEM image of the compara- And a part of the co - material CM1 was flocculated . When 
tive example 3 in a case where the firing temperature of the the temperature became 800 degrees C. in the firing process , 
ceramic multilayer structure was 900 degrees C. FIG . 4B the flocculated co - material CM1 was diffused and the sur 
illustrates a SEM image of the comparative example 3 in a face roughness of the internal electrode layer 12 was 
case where the firing temperature of the ceramic multilayer 10 degraded as illustrated in FIG . 7B , although the average 
structure was 1250 degrees C. FIG . 4C illustrates a SEM grain diameter of the main component metal was small and 
image of the example 3 in a case where firing temperature the clearance between the grains P12 of the main component 
of the ceramic multilayer structure was 900 degrees C. FIG . metal was small . And during the liquid phase diffusion in a 
4D illustrates a SEM image of the example 3 in a case where temperature ranges of 900 degrees C. to 1000 degrees C. , the 
the firing temperature of the ceramic multilayer structure 15 liquid phase 101 tended to exist in a region ( cavity ) , of 
was 1250 degrees C. From the results of FIG . 4B to FIG . 4D , which the surface roughness was large , in the internal 
the arithmetic average roughness Ra and the maximum electrode layer 12 , as illustrated in FIG . 7C . When the 
height Rz of the internal electrode layer 12 in the stacking temperature increased to the maximum temperature ( for 
direction of the dielectric layer 11 and the internal electrode example , 1250 degrees C. ) , liquid flocculation occurred as 
layer 12 were measured . In a region 102 in which the 20 illustrated in FIG . 7D . It is thought that the surface rough 
internal electrode layer 12 was broken , a height of the ness of the internal electrode layer 12 was enlarged more . 
internal electrode layer 12 was considered as the maximum On the other hand , in the example 3 , as the main com 
height Rz . ponent metal , small diameter material of which the grain 

As illustrated in FIG . 5 , it was confirmed that the arith- size distribution was sharp was used . And as the co - material , 
metic average roughness Ra and the maximum height Rz 25 small diameter material of which the grain size distribution 
were 28 [ nm ] and 357 [ nm ] in the example 1 , 25 [ nm ] and was sharp was used . Therefore , the highly distributed metal 
148 [ nm ] in the example 2 , 22 [ nm ] and 134 [ nm ] in the conductive paste was made . Accordingly , as illustrated in 
example 3 , 21 [ nm ] and 122 [ nm ] in the example 4 , 27 [ nm ] FIG . 8A , the co - material CM1 evenly existed between the 
and 327 [ nm ] in the example 5. And it was confirmed that grains 12 of the main component metal . The co - material 
the arithmetic average roughness Ra and the maximum 30 CM1 can be highly distributed and had a small diameter . 
height Rz were 37 [ nm ] and 612 [ nm ] in the comparative Therefore , a mutual function between the co - material CM1 
example 1 , 32 [ nm ] and 554 [ nm ] in the comparative and the main component metal was strong . Even if the 
example 2 , 32 [ nm ] and 542 [ nm ] in the comparative temperature became 800 degrees C. in the firing process , the 
example 3 , 31 [ nm ] and 533 [ nm ] in the comparative diffusion of the co - material was suppressed as illustrated in 
example 4 , 36 [ nm ] and 587 [ nm ] in the comparative 35 FIG . 8B . Therefore , the enlargement of the surface rough 
example 5 , 46 [ nm ] and 775 [ nm ] in the comparative ness of the internal electrode layer 12 was suppressed . 
example 6 , 42 [ nm ] and 712 [ nm ] in the comparative Moreover , in the temperature range of 900 degrees C. to 
example 7 , 41 [ nm ] and 720 [ nm ] in the comparative 1000 degrees C. , the liquid phase 101 was relatively and 
example 8 , 41 [ nm ] and 713 [ nm ] in the comparative evenly flocculated into the dielectric layer 11 or into the 
example 9 , 43 [ nm ] and 743 [ nm ] in the comparative 40 interface between the dielectric layer 11 and the internal 
example 10 . electrode layer 12 as illustrated in FIG . 8C . Therefore , as 

The reason why the arithmetic average roughness Ra and illustrated in FIG . 8D , after the temperature reached the 
the maximum height Rz of the internal electrode layer 12 of maximum temperature , it is thought that the internal elec 
the comparative examples 1 to 5 smaller than those of the trode layer 12 could keep the surface roughness . 
comparative examples 6 to 10 and the arithmetic average 45 It is thought that the reason why the arithmetic average 
roughness Ra and the maximum height Rz of the internal roughness Ra and the maximum height Rz of the internal 
electrode layer 12 of the examples 1 to 5 were smaller than electrode layer 12 of the examples 2 to 4 were smaller than 
those of the comparative examples 1 to 5 is thought as those of the examples 1 and 5 is as follows . When the added 
follows . amount of the co - material was less than 5 weight part , the 

For example , in the comparative example 8 , the average 50 amount of the co - material was not sufficient and the conti 
grain diameter of the main component metal ( Ni ) was 120 nuity modulus of the internal electrode layer 12 was 
nm . Therefore , after the removing of the binder , as illus- reduced . Thereby , the arithmetic average roughness Ra and 
trated in FIG . 6A , the co - material CM1 tended to be exist in the maximum height Rz were degraded . On the other hand , 
a cavity between the grains P12 of the main component when the added amount of the co - material was more than 20 
metal . And , a part of the co - material CM1 was flocculated . 55 weight part , the amount of the co - material was excessively 
When the temperature of the firing process was approxi- large and the continuity of the internal electrode layer 12 
mately 800 degrees C. , the co - material CM1 was diffused was reduced . Thereby , the arithmetic average roughness Ra 
toward the dielectric layer 11 from between the grains P12 and the maximum height Rz were enlarged . 
of the main component metal . Thereby , the surface rough- Next , a capacity , a breakdown voltage ( BDV ) and high 
ness of the internal electrode layer 12 was enlarged . In this 60 temperature accelerated life time ( HALT ) were measured 
case , a liquid phase 101 tended to be left in a region ( cavity ) , with respect to the multilayer ceramic capacitors 100 of the 
of which the surface roughness was large , in the internal examples and the comparative examples . FIG . 5 illustrates 
electrode layer 12 , as illustrated in FIG . 6C . When the the results of the capacity , the breakdown voltage ( BDV ) 
temperature increased to the maximum temperature ( for and the high temperature accelerated life time ( HALT ) . The 
example , 1250 degrees C. ) , liquid flocculation occurred as 65 BDV was measured by applying DC voltage with a speed of 
illustrated in FIG . 6D . It is thought that the surface rough- 10V / second . The HALT was measured with 125 degrees 
ness of the internal electrode layer 12 was enlarge more . C. - 10V . 
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In FIG . 5 , any one of the examples 1 to 5 satisfied an 6. A manufacturing method of a multilayer ceramic 
acceptance criteria , when the acceptance criteria was that the capacitor comprising : 
capacity of a sample was 19 [ uF ] or more , the BDV was 38 a first step of forming a pattern of a metal conductive 
[ V ] or more , and the HALT was 300 [ min ] or more . paste on a green sheet including ceramic powder , a 
However , the comparative examples 1 to 10 did not satisfy 5 main component of the metal conductive paste being 
the acceptance criteria . This was because the arithmetic metal powder of which an average grain diameter is average roughness Ra of the internal electrode layer 12 was 100 nm or less and of which a standard deviation of 30 nm or less and the maximum height Rz of the internal grain size distribution is 15 or less , the metal conduc electrode layer 12 was 360 nm or less in the examples 1 to tive paste including ceramic powder as a co - material , 5 , and the arithmetic roughness Ra of the internal electrode 10 
layer 12 was not 30 nm or less or the maximum height Rz an average grain diameter of the co - material being less 
of the internal electrode layer 12 was not 360 nm or less in than 10 nm , a standard deviation of grain size distri 

bution of the co - material being 5 or less , an amount of the comparative examples 1 to 10 . 
Although the embodiments of the present invention have the co - material being 2.5 weight part or more and 25 

been described in detail , it is to be understood that the 15 weight part or less with respect to 100 weight part of 
various change , substitutions , and alterations could be made the metal powder ; and 
hereto without departing from the spirit and scope of the a second step of firing a ceramic multilayer structure in 
invention . which a plurality of multilayer units obtained in the first 
What is claimed is : step are stacked , 
1. A multilayer ceramic capacitor comprising : wherein an arithmetic average roughness Ra of at least a 
a multilayer structure in which each of a plurality of part of an internal electrode formed by sintering of the 

dielectric layers and each of a plurality of internal metal powder in the second step is 30 nm or less , 
electrode layers are alternately stacked , a main com wherein a maximum height Rz of the at least a part of the 
ponent of the dielectric layers being ceramic , a main internal electrode layer is 360 nm or less . 
component of the internal electrode layer being a metal , 25 7. The method as claimed in claim 6 , wherein : 

wherein an arithmetic average roughness Ra of at least a the arithmetic average roughness Ra of the at least a part 
part of the internal electrode layer is 30 nm or less , of the internal electrode layer is 25 nm or less ; and 

wherein a maximum height Rz of the at least a part of the the maximum height Rz of the at least a part of the internal 
internal electrode layer is 360 nm or less . electrode layer is 150 nm or less . 

2. The multilayer ceramic capacitor as claimed in claim 1 , 30 8. The method as claimed in claim 6 , wherein the metal 
wherein : conductive paste includes ceramic powder of which an 

the arithmetic average roughness Ra of the at least a part average grain diameter is less than 10 nm and of which a 
of the internal electrode layer is 25 nm or less ; and standard deviation is 5 or less , as a co - material , an amount 

the maximum height Rz of the at least a part of the internal of the co - material being 5 weight part or more and 20 weight 
electrode layer is 150 nm or less . part or less with respect to 100 weight part of the metal 

3. The multilayer ceramic capacitor as claimed in claim 1 , powder . 
wherein the main component metal of the internal electrode 9. The method as claimed in claim 6 , wherein a main 
layer is nickel . component of the metal powder is nickel . 

10. The method as claimed in claim 6 , wherein a main 4. The multilayer ceramic capacitor as claimed in claim 1 , wherein the main component ceramic of the dielectric layer 40 component of the co - materials is barium titanate . 
is barium titanate . 11. The method as claimed in claim 6 , wherein a main 

5. The multilayer ceramic capacitor as claimed in claim 1 , component of the ceramic powder of the green sheet is 
wherein a thickness of the internal electrode layer is 0.5 um barium titanate . 
or less . 

35 


